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ABSTRACT
Title of Dissertation:

BUSINESS MODEL INNOVATION IN MARINE ENGINE
MAINTANANCE

Degree:

Master of Science

The goal of engine maintenance is to lower the frequency of failures and prevent breakdowns that could
disrupt vessel operations. Traditionally, the maintenance work is carried out by the engineers onboard
under the ‘planned maintenance’ scheme recommended by engine designer, with the supply of spare
parts from various sources. Today, this business model is undergoing significant transformation driven
by endeavors from different stakeholders. The dissertation makes a comparison of engine maintenance
in the aviation industry and maritime industry, closely looking into the model of Roll Royce, a company
in the aviation industry and NSB group, along with its daughter company Asia Marine Busan in
maritime industry. The study is of a qualitative nature using document analysis, and a comparative case
method was used to carve out the commonalities and differences between the two industries in relation
to the business models. Data was collected with a triangulation method, where company annual reports,
strategic documents, articles and reports generated from short interview and meetings were all sources
of information and data verification. The findings have shown that both the maritime and aviation
industries are highly regulated, all governed by international bodies. The marine engine industry has
shown to be more fragmented and competitive in comparison to the aero engine industry. In comparison
to the aviation industry, the maritime sector has a much broader and more diverse category of
stakeholders all exercising independent control, and they can benefit from the innovation endeavors of
a large number of players. The findings have further showed that there seems to be a gap in
technological application, synchronization and standardization in the maritime industry which makes it
difficult to be on par with the technological advancements seen in the aviation industry. In addition, the
study revealed that although there are similarities, TotalCare business model is a not a complete fit for
the maintenance as service model. In conclusion, it can be seen that both industries have some
similarities but yet different in small factors and application levels. Despite the differences, the
industries can continue to learn from each other.

KEYWORDS: Engine maintenance, Business model, Business model innovation, TotalCare, Jet
engine maintenance, Marine engine maintenance, Maintenance as a service.
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CHAPTER 1: INTRODUCTION

This chapter is purposed at offering readers with a short contextual summary of this study and
to provide the objectives, the research questions including the research methods. Additionally,
present the structure of the dissertation.
1.1 BACKGROUND

The term "maintenance" can be referred to both technical and administrative operations taken
to maintain or repair an object so that it can resume to perform at its intended purpose. By
maintaining engines in a safe operational state, it offers essential support for the vessels or
aircrafts and ease of operations. Therefore, maintenance is crucial for engines long-term life
and operations (Rahmawati et al., 2020). When it comes to capital-intensive industries, such as
shipping and aviation, maintenance of assets becomes highly important. In general, the activity
requires a number of processes, which entails examining and cleaning the cylinder head
assembly, replacing the piston rings, cleaning and measuring the wear on the pistons, and
evaluating the engine. For instance, marine diesel engines are typically sustained using planned
maintenance in an effort to prevent costly breakdowns that can incur a large cost. Many ship
managers rely on these types of maintenance for their vessels and engines.
Unfortunately, even with these systems, some maintenance schedules are slightly missed or
companies received late alert which requires companies to make urgent purchases of the spare
parts for specific purpose, and these comes with extra cost. Usually, these extra costs are
sometimes not reflected in accordance with the budget of the year. It should be highlighted that
a paradigm shift in the traditional method of doing things is possible given the rapid
advancement of sensor, digital, and Internet of Things (IoT) technology (Smith, 2013). A
prominent example in the aviation industry is that of a renowned company Rolls Royce, who
has made use of technology to change its business model of jet engine maintenance. These
developments came about as a result of them finding innovate ways to reduce cost and also
meet their customers increasing demand.

Although the maritime sector is currently dominated by a typical transactional business model
of doing maintenance and spare parts supply (Amoroso et al.,2021), interest in selling complete
10

services rather than a single commodity is rising (Hypko et al., 2010). These have proven that
paradigm shift is indeed possible. The shipping industry is in a comparable nature with that of
the aviation industry, and players are constantly considering techniques innovation, cost
reduction, find new ways for revenue streams and meets increasing customers’ demands. (Chou
et al., 2022). Given the importance of maintenance and its contribution to overall vessel
operation, it calls for a need to new models.

1.2. PROBLEM STATEMENT

Despite the significant amount of literature on various areas of business model innovation, the
shipping industry has yet to receive more attention, especially in the area of maintenance. To
mention a few studies, talking about business model innovation in liner shipping, Lam and
Wong, (2018); while Veenstra, (2021), took on two instances for startup businesses
concentrating on innovation of business model with a focus on business models in shipping
innovation in the Netherlands. On the other hand, Lorange and Fjeldstad, (2012), focused on
new strategies that shipping companies can employ to innovate their business model. The
factors that influence the creation of new business model’s innovation was also discussed by
Braganza and colleagues, as per their findings, competition, return on capital employed,
customer expectation, culture and leadership, technology and sustainability are factors that
influence business model innovation (Braganza et al., 2009). While this shows a gap that needs
to be filled, this study main concern lies on innovating business models in marine engine
maintenance.
Traditionally, the maintenance work is carried out by the engineers onboard under the ‘planned
maintenance’ scheme recommended by engine designer, with the supply of spare parts from
various sources. Currently these systems have proven to be costly and less effective, especially
since players find themselves in a tight position of having to incur extra cost (Lyles, 2007). In
addition, it is estimated that maintenance of engines covers about 20% of the total operations
cost (Moussault et al.,2020). It should be highlighted that a paradigm shift in the traditional
method of doing things is possible given the example of Roll Royce in the aviation industry
(Smith, 2013). On the same note, the shipping sector is trailing in a comparative direction, a
practical example, NSB Group along with daughter company Asia Marine Busan are aiming
to innovate its business model by offering extended services from just spare parts supply.
However, this process is still preliminary and in a developing stage requiring more in-depth

11

research hence the main reason of this paper. The study is preliminary focused on identifying
a framework to analyze and compare the TotalCare model in the aviation industry and apply it
to shipping industry to identify gap and areas the industry can learn.

1.3 SCOPE OF THE STUDY
The research focused on identifying and analyzing the factors of business model innovation for
Jet engine maintenance and compare it to the business model of the marine engine maintenance.
The study is limited to two case studies which are Roll Royce and NSB Group along with
subsidiary Asia Marine Busan. The study is limited to business model comparison of the two
different sectors through the mentioned cases.

1.4 SIGNIFICANCE OF THE STUDY

Players in the shipping industry are faced with constant external pressure, which requires them
to constantly update their business model and remain competitive in the industry. This has led
players such as NSB group to look at possibilities for business model innovation in marine
engine, since comparative models in the aviation industry have been introduced. The purpose
of the study is to:
1. Develop a framework containing the parameters for business model comparison in
engine maintenance the aviation and maritime sector
2. Serve as an addition to the whole body of knowledge in business model innovation in
the shipping spheres

The findings will give valued information and serve as a framework for different players in the
shipping industry, especially manufactures of ship engines, suppliers of spare parts, ship
owners, shipping lines and ship managers to make good decisions for business model
innovation and assist them in remaining competitive in the market.

1.5 RESEARCH OBJECTIVES
The main aim of the research is to conduct a cross case comparison between the business model
for engine maintenance in the aviation and shipping industry. The detailed objective is to:
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1. Identify and apply framework for business model comparison in marine and jet engine
maintenance
2. Identify and analyze similarities and differences between the Jet engine maintenance
and marine engine maintenance
3. Identify gaps and elaborate the implications to NSB Group
1.6 RESEARCH QUESTIONS
To address the objectives, three research question are asked.

1. What framework can be used for comparison of jet engine business model and marine
engine maintenance
2. What are the similarities and differences between the Jet engine maintenance and
marine engine maintenance?
3. What are the gaps identified and implications of the initiative to company?

1.7 METHODOLOGY

To achieve the main of the study, a triangulation methods of data collection was used, which
includes past articles and systematic literature, company websites, annual report, strategic
documents and reports generated from semi structured interviews and meetings, presentations
and company field visits. This method was employed since the researcher was attached to the
company during the research period and was exposed to the business model of the company.
One main expert from one from NSB Group and AMB respectively were interviewed and a
report was generated from it, which served as an input for the analysis of the study. The benefit
of this approach is that it provides a complementary support to each source and outweighs the
weakness of one source, making the study more robust and credible (Crowe et al., 2011).
Seeing that the study is a comparative nature, a multiple case study approach is used. This is
supported by Crowe et al., (2011), who mentioned that to gain a thorough understanding of a
study of this nature a multiple case study method is substantially helpful to apply, especially
since the objective is to compare two different cases of the different industries and have an indepth understanding of each for better comparison. The figure below outlines the steps that is
used to achieve the objectives of the study.

Figure 1
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Summary of study Approach

Step 1

Step 2

• Study and anylse the aviation sector and the jet engine maintanance model

• Study and anaylse the maritime sector and marine engine maintenance model

Step 3

• Develop a framework for comparing the two industries and models

Step 4

• Verify findings with industy supervisor and conduct compariosn and indetify gaps

Step 5

• Elaborate on the implication of the paradigm shift to NSB group

Note. Author’s elaboration.

1.8 DELIMITATIONS
This study focused mainly on comparing the aero-engine industry and the marine engine
industry in relation to maintenance. Due to the limitation in this type of study in the shipping
industry, all the data and analysis done were based on the qualitative information retrieved
from secondary sources. In addition, professionals in ship management and suppliers were the
main source of the primary and additional secondary data obtained.
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1.9 RESEARCH STRUCTURE
This study is comprised of 6 chapters, as illustrated in (Figure 2).

Figure 2
Research structure
Chapter 1 –General introduction

The chapter provides the background and study purpose

Chapter 2 –Literature Review

Looks into academic studies related to the topic
Tools, methods employed to collect and analyze data to
achieve study objectives

Chapter 3 –Research
Methodology
Chapter 4 –Findings and Analysis

Industry Case Comparison Analysis

Chapter 5 –Discussion

Cross-case discussions

Chapter 6 –Conclusion and
Recommendation

Summarizes and link of the study and recommendation
for future research.

Note. Author’s elaboration.
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CHAPTER 2: LITERATURE REVIEW
2.1 INTRODUCTION
The concept of business model has grown in popularity in management literature, especially in
fields like strategic management, innovation, entrepreneurship, and to a small extent
information systems management (Maucuer & Renaud 2019). The concept has significant
explanatory power, allowing for a cross-sectional assessment of various section on the
business. It is against this background that this chapter aims at providing a general overview
of the business model concepts and definition, business model innovation concepts, the drivers
of business model innovation, some factors used for business model comparison and a brief
evolution of marine engine maintenance.

2.2 DEFINITIONS AND CONCEPTS OF BUSINESS MODEL
In the literature of today, the term "business model" is frequently misinterpreted and much less
frequently defined explicitly (Paananen & Seppänen, 2013). Most people mentioned a business
model when, in reality, they merely use a portion of it. The concepts were criticized by writers
like Porter (2001) for being vague, weak, and without theoretical foundation. This
misconception results from the concept's applicability across numerous fields and domains. In
addition, theories about business models has yet to find a position in the literature (Fiksdahl &
Wamstad, 2016). To support this, Taran et al., (2015) argued that business model theory is rare
and still lack intellectual home in academia. Furthermore, the authors contended that existing
literature does not adequately address how to create and implement business model. Thy further
claim that managers ‘lack of understanding of business model, implementation and integrations
techniques, puts pressure on expanding knowledge and understanding of business models.

The terminology made its first appearance in literature around 1947, where the author provided
a brief of what it was, following years it appeared among the list of topic words and title of an
article (Lambert and Davidson, 2012). However, in most of the early appearances, the meaning
of the phrase "business model" was not provided in any of the publications. It was instead
mostly used as a synonym for corporate strategy, which many professionals and academicians
still fail to differentiate today (DaSilva & Trkman, 2014).
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Before spreading to the administrative and academic sectors in the late 1990s, the notion
developed into a well-established phrase in the field of new emerging technologies
(Motjolopane and Ruhode 2021). To give an example, there were 383 academic papers with
the keywords "business model" in 1995, 3850 in 2000, 11,500 in 2005, and 22,000 in 2001
(Klang et al., 2014).

According to Teece (2010), the development of the internet and e-commerce upended
conventional notions of the business model and gave consumers and companies simple access
to a wealth of data and information. Customer power increased as a result. The internet was a
new distribution channel that necessitated developing new strategies for the firm's value
capture and consumer value delivery. E-commerce is consequently a major topic of current
business model study (Mahadevan, 2000; & Morris et al., 2005).

Moreover, according to Fourie (2004), the internet revolution and its effects on business
transactions as well as those involving the various activities in the value chain are what gave
rise to the term's modern usage. However, even after its modern application, there are lack of
unified meaning of the business model theory (Schneider, 2013). In fact, the study conducted
by Ghaziani and colleagues in 2005 on distinct formulations of the phrase business model from
academic and popular literature were identified, and only 11 different formulations were found
from academics and popular literature (Perkmann & Spicer, 2010

According to Osterwalder et al. (2005) and Wirtz (2019), the concept is a theoretical frame that
explains the fundamental principles that guide a company's operations. The authors further
stated that it represents the organizational structure as a result of the combination of its essential
elements and the connections they have to one another. Hence one can say that it is a tool that
classifies and provides the explicit elements of the business model canvas. The model has
various key elements, known as the fundamental blocs of the business model canvas
(Osterwalder & Pigneur, 2010). Both practitioners and scholars are interested in learning which
business models provide the largest profits, sustainable and are flexible enough to meet the
demands of the company hence different contextualization.

According to Nielsen and Montemari (2012), despite the various contextualization, slowly
there appears to be an agreement that the concept shows a frame by which companies carry out
their plan, allowing one to better understand the creation of value. Despite the fact that scholars
17

and practitioners have accepted the business model concept, much more study is still required
if the business model concept is to remain viable. (Taran, 2016).

2.3 BUSINESS MODEL INNOVATION
Business model innovation, according to various writers, entails ongoing and simultaneous
evolution of the business model elements (Amit & Zott, 2012; Taran et al., 2015). Amit and
Zott (2012) contend that business model innovation transcends the invention of single goods
and processes, it involves various areas of the organization.
According to Teece (2010), changing the company's business model actually entails altering
the paradigm through which it goes to market. Product and service improvements continue to
be important catalysts for business model developments (Geng et al.2015). In agreement to this
statement, Teece (2010) stated that in order to extract value, technology breakthroughs must
coexist with business model innovations. Taran et al. (2015) further highlight this crucial
subject within the field of business model innovation.

Based on the same regard, Mitchell and Bruckner (2004) made a distinction between
modifications, substitutions, and innovations in business models. They define an improvement
as an effective change to a part of the business model that outperforms existing options, while
they define a replacement as when an improvement impacts a sizable percentage of the business
model. They went on further to define business model innovation as a group of substitutes that
offers customers items and services that were previously unavailable. A more advanced view
was provided by Zott and colleagues, where they stated that business model may be a vehicle
for innovation as well as a source of innovation, (Zott et al. 2011).

Business model innovation may be seen as either a process or a consequence, according to
Taran et al. (2015). Mitchell and Coles (2004) describe a continuous business model innovation
process that they claim of consisting of at least four simultaneously carried out tactics for
business model innovation as a process.
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Figure 3
Steps for business model innovation

• have a clear plan
oulining the new
business model and
implementation
plan

1

2
• critically analyse
the proposed
business model

• provide a design of
the new/modified
business model

4
• test the potential
busisness model
improvements or
replacements

• Slowly start
implmeting the
new, improved or
replaced business
model

3

5

6. continuous analysis and monitoring of the implemented model

Note. Created by Author, adapted from Mitchell & Coles (2004)

The process suggested by Mitchell and Coles although it represents a good process, they have
not mentioned the necessity of continuous monitoring of the implemented business model. This
step is very important, as it enables practitioners to be cognizant of process of continuous
improvement, especially since business models are not static. In light to this, Figure 3
represents a clearer process and the concept of monitoring was added. Step number 6 is not
linked to step 5 only, but rather cuts across all the steps. When it comes to monitoring, it is
very important that after each step a clear analysis is done to avoid errors and mistakes
preceding to the neet steps. In addition to the process above, Amit and Zott (2020), suggested
a more inclusive strategy that does not only outline the steps to business model innovation but
also factors to consider in the whole design of a new business model or an improved or
replacement. According to their book on business model innovation strategy published in the
year 2020, they suggest 5 steps as shown in the table below.
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Table 1
Steps business model implementation
Steps Action
1

Description

Understand the goal and the have a good understanding of the goals of the
needs of the customers

company and the needs of the customers to assist
in coming up with a clear problem or area that
needs to improved or redesigned.

2

Have a clear problem statement

Identifying

a compelling problem or areas of

improvement within the business. ask several
questions. What process needs to be innovated,
what is the exact problem needing solution?

3

Create

a

business

questionnaire

model Have a business model questionnaire for
distribution to the key internal and external
stakeholders for inclusion and getting insights

4

Conduct environmental PEST Looking at external forces, which are political,
scanning

economic, social and technological. give
priority to those forces that are more relevant to
the innovation process of a business model;

5

Resource and Capability test test the capability gap of the organization in,
scanning

evaluating the level to which the resource of the
organization can be deployed to the envisioned
business model. decide whether to implement in
house or outsourced to the third party.

Note: Authors creation adapted from Amit and Zott (2020

2.4 ENABLERS FOR BMI
Section 2.3 step 4 also known as drivers to business model innovation. It has been determined
that a variety of variables such as environmental changes in consumer demand, business, and
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market competition are factors either drives or enables innovation for business model (Lorange
& Fjeldstad, 2012).
According to Cagno and Trianni, (2014), business environment and enterprise innovation can
support the development of new business models. In addition, they have proposed that
organizational skills like "dynamic consistency" or "essential capabilities" might help
businesses change the way they do operations. Business model innovation has also been found
to be influenced by corporate social capital, organizational learning and organizational culture
and these factors may be helpful in ensuring success for Business model innovation. As
mentioned by Hartmann et al., (2016) firms are compelled to investigate new business models’
potentials in the current environment as a result of a rapidly changing and competitive
environmental conditions, new regulations and technological advancements. In addition, other
factors driving business innovation in the maritime sector include changes in the world
economy and demography, technological advancements, climate change and the environment,
regulatory frameworks, and oil prices (Sadgrove, 2016). The maritime enterprises can be
considered fascinating because of the special nature of the industry in being constantly under
pressure to realign its business model due to increasing competition, new regulations and rise
in information technology. There is a significant number of factors that influence business
model innovation as seen above, but the section will only focus on three main factors.

2.4.1 TECHNOLOGY
It has been recognized that information technology is a driving force that shapes the innovation
of business models in different industries.

According to Pohle and Chapman, (2006),

companies that focus on introducing new technologies are at an advantageous position for
innovating their business model and reap benefits in comparison to companies who decide to
remain stagnant. The study further revealed that companies with better technology recorded a
higher rate of innovation of business model. There is example of companies in communications
technology and communications industry that are great innovators of business model and
constantly updating advance their technology for ease of innovating processes or the way things
are done (Tian et al., 2019).

One such example is Apple.Inc.

In comparison to the

communications and aviation industry, their shipping industry is seemed to lag behind in terms
of technological advancements. However, this dynamic is changing as players and actors in the
industry are now keen to incorporate all the technology necessary for ease of operations and
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explore new business model. (Sick et al., 2018), mentioned that technology-driven innovation
has had a significant impact on how business is run ever since the beginning of the industrial
revolution. The pace of development is currently being quickly accelerated by linked
technology, and nowhere is this more evident than in the shipping sector. In support to this, a
report from Lloyd’s list stated that shipping companies are not viewing technology as a
business process differentiator but rather as a great catalyst for business model innovation in
the industry. The report further provided a summary from personal interview with various
players in the shipping industry and has shown that companies are integrating new
technologies. With this, one can start establishing that the shipping industry is becoming a
playground for innovation in technology and business models. According to (Hijazi et al.,
2022) while integrating new technologies is a great start, it can be considered a shortsighted
view if companies are only interested in integrating an incorporating new technology for ease
of operations. The authors further advices that innovative technologies must be used as a
stimulus for investigating new business models, that enables businesses to access new target
markets, distribute products more efficiently, or include data or products from other parties for
the advantage of the final consumer.

2.4.2 MARKET CONDITION AND COMPETITION
When faced with the strategic decision to innovate business models, market conditions,
particularly competition, are seen as a factor affecting company decisions. Companies
frequently provide additional services to stay ahead of the competition or because they realize
they are falling behind and need to enhance their delivery. This encourages them to develop
their company practices and always seeking for new methods to provide something more,
which may entail an improved or completely new business model Veenstra, (2021). Even
organizations that already have a solid market position are looking for new methods to improve
their operations. According to Tian et al., (2019) competition is becoming increasingly
difficult, and businesses should investigate new business options and models. On the other
hand, Haufler et al., (2014) is of a different view, whereby he alluded that although in general
competition is a factor that influences business model innovation, often time companies who
possess a leading position on the market build a strong confidence and become less keen or
worried about investigating new ways for innovating their business model. In this case,
competition may not be seen as a strong driver to innovation. Although the view may be true,
it can however be questioned, because for instance, Roll Royce company, is regarded as a high

22

tech and market leader in jet engines design and manufacturing, but this did not reduce their
edge in introducing innovate business model for jet engine maintenance (Johnston, 2017).
With this example, it is safe to say that companies that occupy top position in their specific
sectors should not be reluctant, rather they should strive daily to investigate new business
models and remain competitive because competition does not only arise from companies within
the same industry, it also comes from other industries which may compete for the same space,
facility, budget , therefore this should drive even the top companies in any sector to think of
ways to change or innovate its business model (Lundberg, 2014). Competition ranges from
all spheres, for example, with the increase data sharing and management, shipping companies
these days do not only face competitions from similar companies in the market, but also
companies from the IT industry.

2.4.3 REGULATIONS AND POLICY
The regulatory framework conditions have been highlighted as major elements impacting the
operations of businesses, industries, and economies as a whole. However, the effects of
regulation on business model innovation have not been thoroughly examined in the rising
amount of empirically based literature (Blind 2012). There are many factors such as
organization capability and resources that organization can perhaps have great control off, but
when it comes to regulations, majority of times, companies have no control off, but still affects
the way operation are done or should be done and business model are not an exemption to that.
Regulations have an impact on business models, though being external, it often directs how
companies should do things. Significantly, enterprises in the marine industry have no choice
but to comply with current safety and security laws, environmental conditions, and other
regulatory developments. As a consequence, models are normally modified to conform to the
new regulations, including new ways to analyze company efficiency (Zott et al., 2011).
Recently, sustainable and environmental regulations are on the rise, all industries are required
to employ environmentally friendly mechanism to ensure the environment and planet is
preserved. Companies are driven to innovate their business models and ensure that
sustainability is incorporated and change ways of delivery. Furthermore, requirements relating
to the Sustainability factor are not only part of the legislation, but also part of the customer's
expectations and views, making it even a more strategic influencing factor.
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2.5 VARIABLES FOR BUSINESS MODEL COMPARISON
With the advance of knowledge and technology, it can be noticed that companies are not limited
to compare what they offer with companies that are in the same industry only. When it comes
to benchmarking, companies have a wider range of option based on their needs to decide with
whom they would like to compare with in order to upgrade services, improve a business model
or introduce and completely new one. However, although comparison with other players is
possible, organizations are required to know their needs, and a clear understanding of the
factors or variables they intend to compare. Literature has not yet laid out clear variable that
practitioners need to consider conducting such. Nonetheless, according to Amoussohoui et al.,
(2022) the business model canvas 9 fundamental elements in a great instrument that simplifies
the comparison process of business models.
In addition to these elements, Turan et al., (2016), has also identified elements such as, nature
of the industries, players in the industry, regulations and technology. Furthermore, a study
conducted by Jenssen and Randøy, (2002) and Enev and Liao, (2014) outlined some additional
variables, market players, market structure and competition, products and services; policy and
regulations and technology advancement of the industries.
Based on the variables discussed by the authors, the below framework was compiled for
comparison process of the two-business model.

Figure 4
Business Model Comparison Framework
value proposition
Cost structure
Key activities
segments
Business model Canvas 9
relationship
elements
Cost structure
Cluster of Variables
Nature of the industry
Revenue stream
Market players
Key resources
Regulations
Key partners
Technological
Channels of distribution
Advancement.
Nature of the industry
Products and services
Market players
Market structure
Technological advancement
Note. Authors creation adapted from Turan et al. (2016) & Amoussohoui et al., (2022)
Regulation

24

2.6 ENGINES MAINTENANCE MODELS
The goal of maintenance remains to lower the frequency of equipment disasters and prevent
breakdowns that might cause operations to be disrupted. In various industries, such as
manufacturing, aviation, defense, and the manufacturing. In the maritime industry, marine
engines are typically sustained using planned maintenance in an effort to prevent costly
breakdowns that incur a large cost. It should be highlighted that prior to the establishment of
planned maintenance it was initially done based on the captain's or chief engineer's practical
knowledge of the ship's equipment and processes avoid operating delays and reduce unforeseen
breakdowns (Lazakis et al., 2010). Due to increased machine breakdown and more necessity
to transport goods at longer distances on a timely and more profitable manner, there was a need
to implement more regular ways of maintaining the engines of the vessels. In addition, the need
for safety and security of the personnel onboard was of paramount importance hence
international bodies such as the IMO came on board to institute measures that are necessary
for the maintenance of vessels. These entailed a new way of maintaining vessel engines and
equipment’s at large. The figure below illustrates the evolution of engine maintenance of
vessels

Figure 5
Evolution of vessel engines

Note. Source: (Lazakis et al., 2010).
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As per Lazakis et al., (2010), corrective maintenance procedures were first used in shipping, as
seen in Figure 5 this was carried out following defect detection and designed for corrective
measures.
As referenced by Nguyen (2017), the International Safety Management (ISM) code was
introduced in 1993, laying the groundwork for maintenance program. Chapter 10 of the code
outlines the procedures company must have in place to ensure compliance, which led to the
development of the Safety Management Manual (SMM), which follows the perspective of
performing inspections at defined intervals. This was aided by the development of Planned
Maintenance Systems (PMS), which made it simpler to perform maintenance activities.

According to Justin and Mavris, (2011) the new maintenance model delivered benefits such as
decreased failure probability, cost savings through preventing breakdowns, and increased
equipment availability.
For better safety and security existing models of maintenance needed improvements; this gave
a rise to predictive maintenance model. This allows to assess the state of the system and avoid
unforeseen problems. It also addressed optimizing maintenance intervals, prolonging the
replacement time until it was truly required, and lowering spare component consumption and
expense.
As can be seen in Figure 4, predictive maintenance is divided up into three sub categories; Risk
Based Inspection (RBI) and Condition Monitoring (CM) and Reliability-Centered
Maintenance (RCM). Today majority of ship owners and ship manager still make use of the
planned maintenance system, which is not always easy and does not fully accommodate the
unplanned and emergency repairs (Nguyen (2017).

2.7. CONCLUSION
From the above discussions, it can be agreed that having a good business model is vital for
company’s success, but most importantly, practitioners should acknowledge that business
model is not static hence it requires constant innovation. Literature has yet found a common
ground of the concept business model and business model innovation, however, they all seem
to agree that organization should have a good strategy that allow them to deliver their products
and services effectively to the customers. The following chapter looks into the methodology
for this study.
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CHAPTER 3: RESEARCH METHODOLOGY
3.1 INTRODUCTION
This chapter is purposed at providing the methods of the study which is based on two cases.
The section presents how the research attempts to responds the research questions.

The figure below represents the dissertation framework. It provides a summary from the
development of the topic until conclusions.

Figure 6
Research Methodology Framework

Note. Author’s elaboration.
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3.2 RESEARCH DESIGN
When conducting a dominant qualitative research, a case study is a frequent research method
(Easterby-Smith et al., 2008). This approach is appropriate when the study's goal is to learn
how an organization functions, which is in line with the objectives of the study. A case study
is a flexible research design that allows the researcher to change the research questions and
adapt to changing conditions at any time during the study (Runeson & Höst, 2009). A case
study was chosen as the best research design for this master's thesis because ideas and
observations are expected through interaction in this study. A qualitative case study was chosen
because it allows the researcher to conduct an in-depth exploration of the indicated research
area in a specific context and the application from one sector to another.

3. 3 DATA COLLECTION
Qualitative data will be firstly collected from literature for the research to be grounded. For the
research question number one, previous reports and articles based on Roll Royce power by
hour business model will be consulted. The website of the company will also be another source
of data collection for this research. Interviews will be conducted with NSB ship management
Project teams responsible for the maintenance as a service business s model and spare parts
suppliers, specifically Asia Marine Busan to understand and discuss the business model and
also identify further parameters relevant for comparison. In addition, documents from the
company will also be requested for the researcher to fully understand the current business
model and its status within the organization. Data that will be collected through semi-structured
interviews with the selected respondents. Instead of using only one data source, a triangulation
data collecting strategy will be used. Many writers advocate this method. For instance, Yin
(2018) found that case studies with many sources of data received higher evaluations for overall
quality than those with only one source. Any discovery or conclusion drawn from a variety of
information sources is therefore more likely to be compelling and accurate. Converging lines
of inquiry can be established by using a variety of sources of evidence (Creswell, 2003) . This
study's qualitative methodology was used utilizing a variety of sources, including prior
literature, firm reports and documentation, and semi-structured interviews.
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3.4 DATA ANALYSIS
To gain insights into how the two industries' business models differ and how they are similar,
qualitative data from literature, company reports, meetings, documentations, and direct
observations from company field visits were analyzed using qualitative content analysis based
on the framework developed. The researcher organized the data according to the distinct cases
and later combined the variables that are similar and also highlighted the ones that are different.
Typically, the organization of the cases corresponded to the research question. For the
interview, the researcher analyzed the documents and information from the meetings based on
the framework, which served as the themes.

3.5 ETHICAL CONSIDERATION
Ethical consideration is of paramount importance to any research. It is essential that accurate
steps are followed to verify that the individual participants and the companies under study are
fully aware of their roles and participation in the study. The study relied heavily on the
information provided by the case company and in order to safeguard the rights of the participant
and information of the company, the following steps were taken:

1. A confidentiality form was signed between the researcher and company.
2. All meeting and interview information was transcribed into a report and minutes
and upon approval served as inputs to the study.
3. The Researcher signed a data protection from the company to ensure that all the
data used will be for academic purpose only and not distributed to this parties.
3.6 CONCLUSION
The chapter provided a description of how data was collected and analyzed to meet the
objectives of the study. The following chapter presents the finding and analysis of the
comparison.
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CHAPTER 4: FINDINGS AND ANALYSIS
4.1. INTRODUCTION
The aim of the chapter is to carve out similarities and differences between aviation and
maritime industry jet engine maintenance “TotalCare” and Marine Diesel Maintenance
“Maintenance as a service” business models respectively. This chapter provides the findings
and analysis of individual cases, it begins by providing a general overview of Roll Royce and
NSB along with Asia Marine Busan as individual cases, followed by the application of a
framework as presented in Figure 7 hence to allow the cross-case analysis afterwards.

Figure 7
Data Analysis Framework

Findings and
Analysis
Aviation case
1
Framework
Application

Cross-Case
Analysis

Findings and
Analysis
Maritime case
2

Note. Author’s elaboration.

The figure above demonstrates the framework for the analysis. As seen in Figure 7, it first
provides an analysis each case based on the variables, followed by cross case Analysis

4.2 INDUSTRY CASE OVERVIEW
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4.2.1 CASE #1 AVIATION: ROLL ROYCE PLC
Overview

The firm was formerly known as CS Rolls & Co until 1906, when it was renamed Rolls Royce
Ltd. The company, which was recognized for producing luxury automobiles for the bulk of the
twentieth century, was separated from its car-building business and nationalized as a result of
bankruptcy in 1971. It was restored to the private sector in 1987, they are now regarded as a
leading company in the market of engine supply and maintenance. Their core market includes
power systems, defense, civil aerospace and to a small extent marine engine for passenger
ships. Rolls Royce has made significant investments in the aircraft sector and has experienced
impressive returns on those investments. (Bonaccorsi & Giuri, 2001). Based on the 2016
annual report, the company operated over 16,000 engines to airlines as part of their civil
aerospace segment (Roll Royce Annual Report, 2016). Figure 8, shows the main core business
of Roll Royce and the areas that provide much of the return. The data represented in Figure 8
is according to the 2021 annual report. As of 2021 the major segment for the company was the
aero-space section, it also provided 42% of the total revenue generated in that particular year.
This segment consists of engine manufacturing and maintenance among others.
Figure 8
Roll Royce Core Business Segment

ROLLROYCE CORE BUSINESS SEGMENT REVENUE

New markets
0%
Power systems
26%
Civil aerospace
42%
Defence
32%

Civil aerospace

Defence

Power systems

Note. Source: Author; adapted from Roll Royce Annual report 2021.
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New markets

Total Care Business Model Analysis

Roll Royce plc, does not only design, but also manufacture and maintain engines for airlines
and other clients (Richter and Walther, 2017). Based on an analysis between the year 2004 to
year 2021annual reports, it was noted that the company demonstrated the efforts of innovation
in the section of engine maintenance. Up to year 1999, the supply of the engine and the
maintenance were two different components of this business model. However, due to increased
customer needs for integration and value proportion, the company the company started slowly
introducing the TotalCare business model, meant to solve the problem of the clients and
provide additional revenue streams. At that particular point the company has realized the
importance of integrating the services, the supply and the maintenance became an integrated
service. Although the latter services became most preferred by customers, the company still
maintained the initial model to accommodate clients that prefer otherwise. TotalCare allows
the engines to run on system called “Power by Hour”, unlike the initial models, it provided
airlines with a complete service. This model offered a fixed-cost-per-flying-hour engine and
accessory replacement service (Richter and Walther, 2017).
As shown in Figure 9 through the fundamental blocks of the business model canvas, it is
important to note that the company places great emphasis in increasing its value proposition to
its clients, under the value proposition, one can see the TotalCare Service for engines. This is
also linked to the revenue stream as this service, did not address the needs of the clients but
also provides great revenue steam to the company.
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Figure 9
TotalCare Business model

Note: Developed by author adapted from (Richter and Walther, 2017).
According to the 2019 to 2021 Roll Royce annual report, figures from the financial section,
shows how much the model is preferred by looking into the revenue the service has been
generated by the company.

33

Figure 10
TotalCare Service Revenue Vs Equipment sales
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Note: Roll Royce Annual report (2019-2021)

It can be noticed that for all the years, the TotalCare service, generated more revenue that the
Equipment sales (OE). A decline in general is noticed during the year 2020(2) and year
2021(3). This because the deliveries of engines have declined due to the Covid-19 pandemic
and restriction imposed on travelling. Many airlines were not operational, meaning engines
were not also operational, translating into less profit since the power by hour concept is linked
to flying hours.
4.2.2 CASE #2: NSB AND ASIA MARINE BUSAN
Overview

NSB Group is a ship management company, since 1982, it has been operating in the wider
maritime industry with main branch located in Germany, Buxtehude. The company is regarded
as a leading player in ship management sector in the country and world at large. On the other
hand, as part of the large NSB group, is Asia Marine Busan (AMB) which was officially
established in year 2013, but has been present since the year 2002 under the name NSB Korea.
One of the strengths of the company lies in developing long listing ties with Manufactures for
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engines and new building providers. Their core function is the supply of spare parts for engines,
especially auxiliary engines. Below is a figure representing the two-main service umbrella of
the company.

Figure 11
Core Business Services

Ship management Maritime services
Techical mangement

New building supervIsion and engineering
services

Crew management

Corporate travel services

Commercial Management

Energy Efficient and Environmental services

Insurance and buget services

Supply of technical spares and solution

Note. Source: https://nsb-group.com

Of interest to this study in Figure 11 is the second umbrella; maritime services composed of
new building supervision and engineering services among others, but of paramount importance
is the supply of technical spares and solutions, which includes maintenance of main and
auxiliary engines

Maintenance as Service Model Analysis
From the establishment of the company, there has been various business model until today. All
these evolutions were driven by internal and externals factors. It can be agreed that the ship
management is a highly competitive industry, and it requires innovative models for survival.
As presented in the figure below pricing was considered as a great factor for the evolution
which meant having good key partners. Moving forwards priorities started shifting and a more
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customer-centric approach and value-added models were introduced. Figure 12 below
demonstrate the new reality.

Figure 12
Business model evolution

Note. NSB business model review (2021)

Figure 12 shows how ship management company’s business model has changed over time. The
change in the business model was mostly in three building block of the business model canvas.
That is from key partners focus to value proposition focus and customer segment focus.
Moreover, Figure 12 shows the evolution from the year 2010 to present time. The main target
for the 2010 business model evolution was on price, which ultimately was meant to produce a
desired margin. Within companies, although price target is important, issues such as increasing
value proposition through innovative products and services is another essential component for
innovation as seen during the year 2016. From year 2017 onwards, the focus is now moved to
a more customer centric approach. As a way to combine the value proposition and customer
centricity aspect, the companies are now evolving into a more specific model termed as
maintenance as a service. The following section will provide an overview of the said business
model. As per the report generated from the interview conducted, participants have mentioned
that the maintenance e as a service business model is a development of an earlier existing model
termed AEX (auxiliary engine exchange) this type if maintenance still follows schedules as per
the codes and manuals, the model is mostly used in the auxiliary engines, it based under the
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planned maintenance system. The auxiliary engine has different maintenance task, the major
one is known as the overhaul, and this is covered by the product AEX. Although it performs
overall maintenance, there are other small task to be done during operations which is not
covered by the model. As a result, the maintenance as service model was introduced. This
model does not completely wipe out the AEX from the market, but rather provides advanced
services to it. Below is the mapped process flow for the maintenance model.
Figure 13
Engine Maintenance Flow process

• Maintanance
need identified
• (planned)

Step 2
• Contact
suppliers for
spare parts

Step 1

• Spare parts
transported to
Vessel

Step 3

Note. Author’s elaboration.

Looking at the figure above, the process can be seen as very much simplified. While these
represent only the simplified version, it is important to highlight that, since it’s a planned
maintenance, there huge involvement demonstrated between human interaction, seafarers
onboard and other additional internal and external stakeholder such as logistics providers. In
addition, to the maintenance Figure 13 below shows additional information of the current
maintenance practice and the desired future.
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Figure 14
Current and desired Maintenance model
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Note. Author’s elaboration.

Figure 14 shows a path from the current model to the desire one. But before the desired model
in achieved, it is important to conduct both internal and external analysis. While the internal
analysis is more centered within the company, the external analysis provided more room for
benchmarking with other models in the same industry or other related industry. Hence the
following section of the analysis looks in to the application of the comparative factors for the
external comparison process.

4.3. FRAMEWORK APPLICATION
It is assumed that there are common forces that drive innovation in the engine maintenance
business of which aviation and shipping are involved, hence the comparison between the two
industries. In addition, it is assumed that the general development trends in the two industries
may be similar to a certain extent hence a parameter framework for comparison identified in
Figure 4. The identified parameters have been further clustered into main categories as in the
below framework for application process.
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Figure 15
Application framework

Note. Author’s elaboration.

4.3.1 AVIATION INDUSTRY: ROLL ROYCE
4.3.1.1. REGULATIONS AND POLICY
Roll Royce is a major stakeholder in the aviation industry governed by bodies such as the
international civil aviation organization (ICAO) and the civil aviation safety authority among
others. Being involved in manufacturing, the company contributes to carbon emissions and
pollution through its operations in engines manufacturing. Despite the compliance from the
company, bodies such as the Advisory Council for Aeronautics Research in Europe (ACARE),
and the EU REACH regulation (Registration, Evaluation, Authorization, and Restriction of
Chemicals) have set goals to limit the negative externalities from all activities in the sector. It
includes recycling of major components, sustainable aircraft and engine design and
manufacturing. In addition, it also includes requirement for sustainable maintenance practices.
Aero-engine manufacturing includes chemicals subject many regulations, which necessitates
compliance from not just airlines who are the customers but most importantly the
manufacturers and suppliers (Roll-Royce Annual report 2008 & Johnston, 2016).
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4.3.1.2. MARKET STRUCTURE AND COMPETITION
According to Farr and Olofsson (2002), the aerospace engine industry is unique in the business
world in that it is highly oligopolistic. It means that the market has limited number of
manufacturers and who have major control over the movement of goods in the market. There
are only few major players in the aerospace engine industry, more specific to Europe is Roll
Royce, with Pratt & Whitney, General Electric Corporation and CFM international being other
three companies. All three companies also have a presence in the medium and small aircraft
markets. They also produce other types of engines besides jet engines such as turboprops which
all require maintenance. Figure 16 below shows the market share of the Commercial aero
engine market in Europe region.

Figure 16
Market Share of Main Competitors
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Note. Statista Research Department, Jul 12, 2022

4.3.1.3. TECHNOLOGY AND DIGITALIZATION
Technology and digital maturity are critical enablers or factors for business model innovation.
Based on the company annual report from year 2016the technological advancements in engine
design and production drove the aftermarket service, more specifically technologies such as,
data analytics, robotics, were the main technologies employed for this business model
innovation in the aerospace industry. The implementation of the model was possible due to
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advancement in technology as mentioned by the then lead Project member of the Power by
hour project Johnston, his words are
“We have done much over the last twenty years to reduce costs and improve efficiency, but we
want more. We must now exploit digital capability and big data technologies to proactively
drive to an even higher level of operational performance” (Roll Royce Press Release, 11 July
2016).

With this statement, one can notice that technology is very important when to come to business
model innovation. Based on the summary of the company annual report of 2016, some
technological advancement was noted that facilitated the TotalCare service. The technologies
are demonstrated in the table below

Table 2
Roll Royce Technology Analysis Related to TotalCare
Technology
1. Additive layer
manufacturing

2. Additive printing

3. Predictive
Predictive
maintenance
Digital twins

4. Machine

Description
Lasers used to aid in the production of
complex parts for jet manufacturing and to
make maintenance easier.

Used for
Engine
manufacturingfacilitates
maintenance.

This technology is mostly incorporated in
the design process. It enables efficient
engine manufacturing and the development
of more complex fan blade shapes to
produce more efficient airflow and ease
maintenance

Engine
manufacturingfacilitates
maintenance.

Maintenance

analytics
Making use of historical data, statistics and
and analytical tools to proactively identify
when an equipment will need maintenance
in advance.

learning,
artificial Intelligence
and
advanced
analytics

More advanced analytics which are Maintenance
used
to
improve
maintenance
operational
efficiencies
and
development cycles.

Note. Source: Roll Royce Holding plc. (2016).
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Table 2 shows the technology analysis of Roll Royce related to TotalCare. As can be seen from
the table, point 1 and 2 while not directly related to maintenance, enabled other technologies
directly related to maintenance from the lower stream of the engine start life. Lasers are used
in this technology to assemble new designs from metal dust. Technology 3 and 4 are directly
connected to the maintenance service. With the help of predictive analytics and maintenance,
the company makes use of historical data, statistical algorithms, and machine learning
techniques to detect the probability of future effects based on historical data. Furthermore,
Digital twins, are also used which provide a real-time data on the state of the engine. In
addition; technological advancements in the aerospace industry, particularly in digital
electronics, have been a powerful enabling factor in facilitating the implementation of this
model. These technological advancements enabled the company to collect data on the engine's
use and performance. According to Rolls-2012 Royce's annual report, the company introduced
automatic Engine Health Monitoring data downloads, which reduces the need for manual
downloads while also improving its overall data required for more maintenance purposes.
4.3.1.4. STAKEHOLDERS
Based on the reviewed documents, it was noted that roll Royce control most of the parts of the
value chain related to engine maintenance in the aviation industry. There are two additional
players which are Pratt & Whitney and General Electric Corporation as mentioned on the
market structure and competition review. But analysis shows that roll Royce has more control
in relation to integrated services from design to maintenance. The figure below shows the
activity control share of the three main stakeholders, which are also competitions.
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Figure 17
Maintenance Market share
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Apart from the relatively small number of producers and manufacturers of engine, the
aerospace industry has other players that play significant role in the supply chain of engine
maintenance. Every activity or process in the organization is part of a supply or value chain.
Figure 18 below outlines the supply chain, which also shows the players involved in
maintenance of jet engines.
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Figure 18
Stakeholders – Value chain of TotalCare

Note. Source: Roll Royce Annual Report 2017

Figure 18 above show the value chain of engine manufacturing and the aftermarket chain of
which maintenance is part and parcel of it as its generally considered as an aftermarket or sales
service. From the upper stream the company gets the supply for metal and other required
materials from its suppliers, in addition, still past of the upstream chain, is the suppliers for
other components and systems critical for the engine. It is important to note here, the design
stage although not mentioned in the chain, is one of the initial stages of the chain as it provides
the blueprint of the engine. The design section is not show in the figure above, because Roll
Royce are they are also the designers of jet engines. As mentioned in case overview section in
this chapter, the company controls the design, manufacturing, supply and maintenance of
engines, so deign is more part and parcel of the internal value chain. After all the parts and
materials are sourced, the company goes ahead to manufacture and or assemble the engines,
after which it is pushed to the lowers stream of the chain, which is sales to the customers. The
latter portrays the old model of just selling the engines to the airlines, as it can be seen on the
figure, the darker blue represents the added value proposition, the CareNetwok, which take
care of the implementation of the Total care service for the engines. When this value is added,
it will then be pushed to the lower stream of the chain. Conclusively the chain is simplified as
suppliers, manufacturer (value addition) and customers respectively.
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4.3.2 MARITIME INDUSTRY: NSB GROUP– ASIA MARINE BUSAN
4.3.2.1 REGULATIONS POLICY
In the case of the shipping industry, the International Maritime Organization(IMO) can be
considered to be on the upper level of the regulatory level with many more other supplementary
and complementary bodies. All companies in this industry are governed by four categories of
regulatory frameworks, these are namely, MARPOL, STCW, MLC and SOLAS. All these in
general, speak about the rules and regulations related to prevention for pollution from the ships
and environmental protection safety of life at sea, labor related issues, especially for the
Seafarers and also education and training of the personnel operating the vessel and working
onboard. Other rules and regulations are more specially related to energy efficiency and the
reduction of greenhouse emission. While these may appear to be general regulations, there are
other specific one related to competition, manufacturing and classification of ships as well as
the required maintenance of vessels and engines as governed by the ISM code, which provides
guidance on how maintenance should be done. NSB ship management and Asia Marine Busan,
being part of this large industry, apart complying with internal and country-based regulations,
they are required to abide to the regulations as mandated by the international body, especially
since the rules on environmental concerns and sustainability are on the rise.
4.3.2.2 TECHNOLOGY AND DIGITALIZATION
Technology in general, and more specifically digital technologies are regarded as the drivers
to most efficient process in the maritime industry. The maritime may not be at the forefront in
terms of application of digital capabilities, but it strives on a continuous basis to ensure that
technological capabilities are developed. The visible transition from manual operations to
digitalization and automation is increasing within the sector. Companies are seen implementing
digital solutions and technologies in order to become more efficient and competitive. With
increased regulations on decarbonization, technologies are being implemented to push the
industry down this path. Because the industry is rich in data, data streams from sensors and
other sources of information are used to ease operations and decision-making processes, as
well as areas related to control, monitoring, quality assurance, and verification. The rise in the
technological application is not just in general ship manufacturing, it can also be noticed in
more critical operations such as Maintenance. Looking at the evolution of engine maintenance
as shown in figure (4), it can be established that different technologies were required for the
different types of maintenance. The most type of maintenance still being used is the planned
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one, but the slope is gradually moving to the top of more advanced type of maintenance, such
as predictive which requires more technological advancements and data analytics.
Table 3
Maritime Technology Analysis

Technology Type

Description

preventive Maintenance

It consists of regular inspection, cleaning, lubrication,
reassembly, and conditional analysis to keep equipment
in good working order and prevent further damage.

Diagnostics Technology

Marine diesel engine remote fault diagnosis
This technology can provide information about the
marine diesel engine's current condition. When the
system detects an abnormality in the marine diesel
engine, it takes immediate action to prevent failure and
provide maintenance in advance. This technology both
saves money and improves performance.

Torsional Analytics

Torsional analytics is a maintenance-based technology
that provides information about overall engine health as
well as indications and alerts for potential breakdowns on
diesel engines up to two months in advance.

Note. Developed by author from (Jović et al., 2022)
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Table 4
Maintenance as a service Technology Analysis
Technology Type

Used For

Advanced Analytics

Not in the picture yet, but needed for the effectiveness
of the model

Sensor Technology

Currently being used for the AEX products for
maintenance, still ca be used for the MaS model.

Linear regressions technique

To analyze information needed for the maintenance
purpose

Note. Authors elaboration from interview Report.

While Table 2 presented a summary for the general technology analysis for the industry, Table
3 presents a more specific analysis related to the maintenance as a service model. The results
in this section are generated from a report with primary input being a short-structured interview
with two players in the maritime industry and who directly involved with the project of
Maintenance as a service.
4.3.2.3 MARKET STRUCTURE AND COMPETITION
The marine diesel engine market is very peculiar and special. The market is highly competitive,
but capital-intensive, and it is also subject to significant fragmentation. Due to the existence of
a vast number of companies, the worldwide market is highly fragmented as seen in Figure 19.
More and more players are getting involved in the creation of new technologies for cuttingedge business strategies. These key players around the globe compete based on production
costs, technological advancements, and power output. In order to outperform rivals, they are
increasing their production capacity and funding R&D initiatives. For instance, MAN Energy
Solution is recognized as a leader in the 2-stroke engine industry and has one of the most
impressive technological records for the production of marine engine types and maintenance.
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Figure 19
Marine Engine Key players

Key Marine Engine Market players

Caterpillar

MAN Energy Solution

Hyundai Heavy Industries

Cummins

Mitsubishi Heavy Industries

Honda Motors

Wartsila

Kongsberg

Mahindra Powerol

General motors

Yanmar Holdings CO. ltd

Doosan Infracore

Note. Source: Market research report (Feb ,2021) www.fortunebusinessinsights.com

4.3.2.4 STAKEHOLDERS
As briefly mentioned in the regulations review. The maritime industry is composed of various
stakeholders coming from all spheres of the world. For example, a ship can be built in South
Korea, owned by a ship owner from Greece, managed by a ship management company from
Germany, Seafarers coming from Philippines and Angola. There are various stakeholders in
this industry, from ship owners, managers, shipping companies, suppliers of spare parts,
regulators, ship designers, manufacturers and ship builders, classification societies to mention
a few. All the players play critical role in the value chain and add value to each step of the
chain.
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Figure 20
Engine Supply Chain

Note. Author’s elaboration.

After the vessel is bought, classified and meets all the requirements for it to be operational,
there they become part and parcel of another value and supply chain. For the its successful
operation, maintenance of the vessel and also importantly the engines of the vessel are very
critical. Figure 21 below, represents an extension of the supply chain after it is bought by a ship
owner or operated by a ship management company.

Figure 21
Supply chain of engine maintenance

Company/ship
owner

• Maintance need indetified by
compnay, either through
planned system, predictive,
preventative or uplanned.

Suppliers

• suppliers of spare
parts required for
maintanance and
repair. Example.
AMB, MAN

Trasnportaion
services

• The trasnportation
company that is hired
for for the purpose of
taking spare parts to the
area that maintance is
required. This can also
be done internally by teh
company
Maintanance
operations
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• The maintanance
opetaions begin.

Note. Author’s elaboration.

Apart from the players illustrated in the supply chain above. There is additional stakeholder
involved in vessel and engine maintenance. For instance: Ship), Shipping company, logistics
providers, Flag state and administrations, Classification Societies and Crew.
4.4 CROSS CASE ANALYSIS
This section shows the summary of the individual case analysis. A more detailed cross case
discussion will be done in the following chapter.

The summarized table shows some

similarities and differences between the two industry cases. One can notice that from the
various factors the application or level in the respective industries are either all high, or not
much difference between the two, while other analysis such as market structure and
competition, shows a completely different picture between the two industries. One being more
competitive while other more oligopolistic. The Stakeholder analysis has shown that both
industries have a considerable number of stakeholders involved from manufacturing and
maintenance of engine. However, the analysis has shown that the maritime sector is more
fragmented in terms of industry players when compared to the aero-engine market.

Table 5
Cross Case Factor Analysis
Factors

Case 1(Aviation)

Case 2(Maritime)

Application
Case 1

Case 2

Policy Rules Regulations

Highly regulated

Highly regulated

High

Moderate

Digital and maintenance

More
technological
driven by nature

Slowly incorporating digital
technologies

Moderate to High

Low
to
Moderate

Oligopolistic

Competitive

Less fragmented

High

Technology
Market structure and

fragmented

competition
Limited, more control.
Own major activities in
the value chain

Stakeholder

Business

model

Elements

Link between Value
proposition, customer
segment and
Revenue stream

More, less control, relies on
more collaboration with
stakeholders. Owns less
activities in the value chain

More horizontal
integration

Link
between
Value
proposition,
customer
segment and
Revenue stream

Advanced
application

Note. Author’s elaboration.
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More
Vertical
integration
Moderate to
advanced

4.5 CONCLUSION
The chapter provided the findings and analysis of the two industry cases based on the various
documents analyzed and reports from interview with one of the case companies. In this chapter,
a number of variables were analyzed and findings were presented either in graphical or
narrative format. The variable analyzed here have formed the basis of the cross-case analysis,
which will be further covered in the discussion chapter.
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CHAPTER 5: DISCUSSION
5.1 INTRODUCTION
This chapter links the summary of the findings to the research objectives and question and
further discusses the outcome of the analysis in line with the research objectives and literature.
The main discussion is centered on comparing two models through a comparison analysis.
Findings are asserted, discussed and linked to similar, opposite or new studies.

5.2 KEY FINDINGS AND INSIGHT
5.2.1 BUSINESS MODEL AND BUSINESS MODEL INNOVATION
Based on the literature analyzed on the concepts of business model and business model
innovation, it seems clear that until recently there is no one single definition that can be
attributed to business model and or business model innovation. The literature reviewed on these
two complementary concepts has shown that although business model canvas is a clear model
for comparison the application of the model is not one size fits all; concept needs to be
contextualized based on the company’s need. Established by the report from interview,
although participants are operating in the same industry, the understanding of business model
and innovation was shown to be slightly different, they all internalized based on own
operations.
5.2.2 ENGINE MAINTENANCE AND REPAIR
The findings of the study have shown that the business model for jet engine maintenance
“TotalCare” in the aviation industry and marine engine maintenance “Maintenance as a
service” in the maritime industry have some slight similarities. Both are speaking to the need
of increased value proportion for customers, ways to reduce operational cost and increased
revenue stream as seen in figure (9) and figure (12). These similarities are supported by the
study done by Osterwalder (2009), where he mentioned that, the elements of the business
model canvas usually from the basis for direct business model analysis, while all the nine
building blocks of the canvas are importation, value proposition, cost structure in a long run
and revenue stream seems to always have a link. On the other side of the coin, the findings
suggest that the advancement of maintenance in these two industries is quite different, the
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aviation industry has evolved quite fast in terms of how they do maintenance of engines, while
the maritime industry is still majorly relying on the planned or scheduled system of
maintenance. These differences can also be linked to the level of technology and digitalization
application between the two industries, which is further discussed in the section point 5.4.3.
5.2.3 ENABLERS OF BUSINESS MODEL INNOVATION
Through the reviewed literature and findings, factors such as technology seemed to be the main
enablers to business model innovation. In relation to findings of the two cases, articles and
documents analyzed for Roll Royce has shown that for the company to achieve the miles they
are today, technology played a great role, to show this, I quote below the words from the report
“the company ensure to research new technologies that can help us increase our value
proposition and remain competitive, technology has been and still is the great enabler to all
innovations for all our models” (Roll Royce Annual report 2016)

On the same light, when asked what factors mostly drive or enable innovation in the company,
as per the generated report, meeting participants all agreed that, many other factors such as
increased regulations, competition, customer pressure drives business model innovation, but
none of the factors directly enable them to innovate their business model, except technology
and good digital capabilities.

5.3 CROSS CASE DISCUSSION BETWEEN AIR AND MARITIME
INDUSTRY: SIMMILARITES AND DIFFERENCES
5.3. 1. STAKEHOLDERS
The stakeholder’s analysis revealed that the two transportation sectors are very different.
Although both places a strong emphasis on business model innovation for engine maintenance,
there are differences in how it is carried out and managed by the main actors. In contrast to the
aviation sector, the maritime sector is generally classified as a secondary user because it is
solely dependent on the success of other industries and players along the supply chain. In
comparison to the aviation industry, the maritime sector has a much broader and more diverse
category of stakeholders all exercising independent control, and they can benefit from the
innovation endeavors of a large number of players. As demonstrated by the case of Roll Royce
plc, it suggests that players in this industry tend to have more control of the activities in the
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supply chain from engine manufacturing until sales to the customers, including offering
aftermath services like maintenance. Apart from that, the jet engine industry is relatively
controlled by a few market players, when it comes to comparing the two industries for example,
Rolls Royce controls the value chain from design to manufacturing and to engine supply and
maintenance, as opposed to the maritime industry, where all of these activities are owned and
controlled by different independent players.

5.3. 2. TECHNOLOGY AND DIGITALIZATION
Through the case analysis, it can be noted that the aviation sector, in general, has better systems,
technologies and procedures in place to evolve already existing or implement new business
models. As seen on Table 2, it is clear to notice through the example of Roll Royce the industry
is in a good level when it comes to application of technology. While digital technology is also
being used in the maritime industry as shown on Table 3 and 4 the level is low when compared
to the aviation industry. One can attribute the differences between the industries on
standardization and automation. As seen from the Cross-comparison Table 5, although most
the technologies are seen on both cases, it is clear that technological applications in the aviation
industry is better and this is something the maritime industry still needs to learn. This finding
is further supported by some maritime practitioners who mentioned that, the two industries can
always learn from each other due to various similarities, however, maritime industry has less
standardization, and has many regulations. These lacks of synchronization and standardization
across the industry, makes it difficult to be on par with the technological advancements seen in
the aviation industry. And the slowness in the technological applications also impact the
development of new business models.
5.3. 3. MARKET STRUCTURE AND COMPETITION
As per the analysis the aviation industry and maritime have a degree of competition when it
comes to services and products and more specifically related to this study, is engine
maintenance. The result has shown that the maritime industry is more of a competitive nature,
while the aviation industry is more of an oligopolistic nature. As seen on figure 19 the marine
engine market is more fragmented when compared to the jet engine market which is less
fragmented. Both industries are highly capital intensive and the entry level although may seem
to be open to all, the requirements on its own limit potential players to join the market.
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5.3. 4 POLICY AND REGULATIONS
The findings have showed that both the maritime and aviation industries are highly regulated.
It is further shown that both industries have one main international body that governs the
general regulations of the companies operating within the industry, being IMO for the maritime
industry and AITA for the aviation industry. It is further revealed that within the main
governing body, the maritime sector has shown to have more additional governing bodies,
codes and rules for maintenance purpose, for example the ISM code, which stipulates how
maintenance of vessels and engines should be planned and done. It is further shown that policy
and regulations in the maritime industry are brought to light mostly from a reactive perspective
as opposed to the aviation sectors which have shown to be of a more proactive nature. Although
it is evident that both industries and company’s operation it is faced with high regulation, the
understanding, and application of regulations are areas that companies in the maritime sector
might imitate. In addition, in both cases there is pressure from regulators on sustainability and
carbon emission issues and safety.

5.4 SUMMARY AND CONCLUSION
This chapter provided the discussion as per the findings from the document analysis and
meetings with case company. The discussion was linked to the literature and the objectives of
the study. As seen in the discussions, the framework for the case comparison of the two modes
formed the basis of the discussion. In general, it can be seen that both industries have some
similarities and but ye different in small factors. Both companies and the larger industry in
which they operate are faced with challenges of continued pressure from clients
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CHAPTER 6: CONCLUSION AND RECOMMENDATION
6.1. INTRODUCTION
This chapter outlines the summary of the whole study and provides conclusion as answers to
the research questions based on the findings derived from the main objective of the study. The
section will provide answers to research question 1 and 2 combined followed with implications.
In addition, limitations and areas for further research as well as recommendations is provided.
6.2 SIMILARITIES AND DIFFERENCES: BUSINESS MODEL COMPARISON
FRAMEWORK
The study examined the aviation and the maritime sector by assessing the jet engine TotalCare
model and the marine diesel engine, maintenance as service model. The assessment was done
through a framework designed for comparison process that enabled to identify gaps between
the two models.

Firstly, it was uncovered through this study that both the jet engine maintenance and marine
engine maintenance model have same focus on value proposition and revenue stream element
of the Business Model Canvas tool. There suggests to be a great relationship between the two
elements, but limiting oneself to these two elements can slow the business model innovation
process.
Secondly, it was further uncovered by the study that both jet and marine engine maintenance
are critical for the operation of the vessels and aircrafts, without proper maintenance, the total
operational cost of both equipment’s will continue to increase, and this is something that
companies are trying to shy away, hence are employing better and advanced techniques for
equipment maintenance.

Another aspect uncovered by this study is standardization, the aviation sector suggested to be
more standardized paralleled to maritime. Standardization of systems, technology, process,
operations across the industry is another thing that the maritime sector can still improve on.
From analysis, it is believed that the nature of the maritime industry impedes quick
implementation of innovative models because of unified processes and standardization.
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Therefore, until standardization is achieved in the maritime industry, the learning from the
aviation sector will not be futile.
In addition, an element that was clearly discovered in this study is the issues of integration of
services, aviation suggested to have more integrated services than maritime. Furthermore, the
study revealed that although there are similarities, the business TotalCare business model is a
not a complete fit for the maintenance as service model, due to major differences in types of
maintenance used on the two models, one still relying on interval maintenance, while other is
more predictive based. The aviation industry appears to be more advanced, whereas the
maritime sector, which is slowly catching up, necessitates special consideration due to the
complex and heterogeneous environment. All in all, both industries are part of the logistics and
transportation sector, and their nature has shown that effective decision-making and operations
require an intensive and efficient exchange of data across all players in the chain.
6.3 IMPLICATIONS AND GAP IDENTIFIED
An additional objective of the study was to identify the gaps between the maritime and aviation
sector based on the business model models and comparative analysis further to highlight
practical implications. Upon completion of the analysis and discussion, the table below shows
the identified gaps based on the comparison framework. This gaps may have an impact on the
implementation of advanced models in the maritime sector, including engine maintenance.

Table 6 Identified gap between Aviation and Maritime
1. Stakeholders


Synchronization



Standardization


2. Policy and Regulations


Integration

3. Digital technology


Application and compliance

4. Maintenance practice


Advancement



Automation



Application
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Models

In regards to stakeholders, the maritime industry synchronization of members and standards is
less, including the integration of services in comparison to the aviation industry. The digital
advancement was another gap that the maritime sector is lacking behind, this can be linked to
the models of maintenance which still appears to be less advanced in this sector when compared
to the aviation. The identified gaps have further implications to the industry and NSB group.
As seen from the gaps they are all related to standards, integration, application, automation and
advancement. All these may entail additional investment in resources for better data and
information quality to enable timely sharing of information. In addition, in relation to
integration, it may require the company or members in the industry to further integrate
vertically or horizontally, these may entail letting go or including additional activities since in
comparison to the aviation industry, the maritime sector has a much broader and more diverse
category of stakeholders all exercising independent control.
6.4 PRACTICAL RECOMMENDATION
In addition, to prepare for increased levels of automation and improved maintenance services
in the shipping industry, certain issues concerning development must be addressed within the
maritime industry and company.


Effective and efficient exchange of data to increase data quality, this can be done
through advanced use of data sharing platforms, more automation and advanced
analytical tools.



Slowly implement advanced maintenance models, cost-effective maintenance policy



Integration and collaboration with supply chain members, not only limited to supplier
of spare parts, but also manufacturers and designers for better implementation of
advanced models and maintenance practice, make more use of using electronic data
instead of manual data to reduce errors.



Adoption of IoT technologies in this industry will facilitate the effective management
of various services, such as vessel tracking and more advanced types of maintenance,
such as preventative and predictive maintenance.



Follow the never-ending improvement cycle, which entails identifying areas of
improvement at early stages
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6.5 LIMITATIONS AND AREAS FOR FURTHER RESEARCH

The study did not have the possibility to do more research on other stakeholders responsible
for maintenance in the shipping industry in other to find out whether the TotalCare model is
something that can be applied to the marine engine manufacturing model as the study was
limited to the case of ship manager and spare part suppliers. For this purpose, further research
can be conducted with additional players such as manufacturers and focus on why business
models between industries is not a one size fit and how the companies understand business
models. The author also believes that there is a need on further researching on standardization
of process, procedures and technology in the maritime industry since this seems to be a
bottleneck within the industry.
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